Baicalein (BAI) is a major constituent of Scutellaria baicalensis Georgi. Previous studies showed that BAI had obvious effects on U14 cervical tumor-bearing mice model and HeLa cells. However, the use of BAI is inconvenient and troublesome, due to its low oral bioavailability. The aim of this study was to develop baicalein-loaded nanoliposomes (BAI-LP) to improve its bioavailability. In this study, BAI-LP was prepared by thin film hydration method. The average size, polydispersity index (PDI), zeta potential and encapsulation efficiency (EE) of the BAI-LP were 194.6±2.08 nm, 0.17±0.025, −30.73±0.41 mV, and 44.3±2.98%, respectively. Drug storage stability study showed no significant changes in these values after 4 weeks of storing at 4 ∘ C. Additionally, Sulforhodamine B (SRB) experimental results indicated that the BAI-LP could achieve better anti-tumor effects than free BAI. The results of the experiment demonstrated that BAI-LP had a better antitumor effect with a higher inhibition rate of 66.34 ± 15.33% than free BAI with a inhibition rate of 41.89 ± 10.50% by using U14 cervical tumor-bearing mice model. In conclusion, the study suggested that BAI-LP would serve as a potent delivery vehicle for BAI in future cancer therapy.
Introduction
Liposomes are microscopic vesicles which were originally found by British scholar Bangham et al. and composed of one or more lipid bilayers arranged in a concentric form enclosing an equal number of aqueous compartments [1] . Since the 1970s, researchers have begun to use it as a drug carrier for clinical diagnosis and treatment [2] . The main compounds of liposomes are phospholipid molecules and cholesterol. Liposomes can encapsulate both hydrophilic and lipophilic drugs. Basically, the lipophilic drugs have higher tendency to be entrapped in the lipid bilayers of liposomes. However, the hydrophilic drugs may be entrapped inside the aqueous cores of liposomes or located in the external water phase [3] . Liposomes can be divided into conventional, stealth, ligandtargeted, long-release, triggered-release, and long-circulating nanoliposomes based on different functions [4] . Liposomes have already been used in clinical treatments as carriers of anticancer drugs. In addition, an efficient enhanced permeability and retention (EPR) effect-based passive targeting of liposomes has been achieved. The EPR effect provides a great chance for passive targeting of liposomal anticancer agents into the tumor tissue, and this phenomenon has been widely observed in many solid tumors [5, 6] . For example, Doxil is a kind of liposome used in clinical treatments which is used to entrap doxorubicin [7] [8] [9] . The Doxil formulation enhances the anticancer activity of doxorubicin by EPR effect [10, 11] . At present, there are a lot of methods to prepare liposomes, such as thin film hydration method, ethanol injection method, freeze-drying method, ether injection method, and reverse phase evaporation method. [12] . In particular, thin film hydration method is most widely used and very suitable to encapsulate lipophilic drugs. BAI, a major constituent of Scutellaria baicalensis Georgi, has a variety of pharmacological effects such as antivirus, antibacterial, and anticancer [13] . According to previous studies, BAI is a very promising and attractive drug in treatment of bladder cancer [14] . Our research group has conducted years of researches on anticancer effects and mechanisms of BAI. The research results indicated that U14 cervical carcinoma cells and HeLa cells can be significantly inhibited by BAI. Toxicology tests showed that BAI could not lead mice to death even at the maximum tolerated dose. Though BAI has antitumor effects, the deficiencies such as low bioavailability and poor absorptions limited its clinical applications [15] . If encapsulated in liposomes, BAI will be easily absorbed by the human body due to the similarities between the bilayer of liposomes and biological membranes. Thus the bioavailability and the toxic side effects of BAI will be improved or reduced, respectively [16] . The object of this study was to improve bioavailability of BAI by preparing BAIloaded nanoliposomes (BAI-LP) using thin film hydration method, characterize BAI-LP in terms of morphology, average size, polydispersity index, zeta potential, EE, and stability, and explore the antitumor effects of BAI-LP. 
Materials and Methods

Preparation of LP and BAI-LP.
A lipid phase was prepared by dissolving accurately weighed quantities of SPC, CHOL, and BAI in 6 mL dichloromethane-methanol mixture (2 : 1, V/V), in a 25 mL recovery flask. The mixture was removed by rotary evaporation at 40 ∘ C, to form a thin film of lipids on the wall of the eggplant-shaped bottle. Then the thin film was purged with nitrogen for 5 minutes. The lipids film was hydrated with 10 mL ultrapure water in the eggplant-shaped bottle at 60 ∘ C, followed by sonication for 15-30 minutes. 450 nm and 220 nm membrane filter were used to filter samples to obtain yellowish BAI-LP. Likewise, LP with Pan-blue light was obtained.
Characterization of LP and BAI-LP.
The size, PDI, and zeta potential of LP and BAI-LP were determined using dynamic light scattering (DLS) techniques with a Zetasizer Nano-90 instrument at room temperature. The PDI was determined to check the level of homogeneity of particle size. The morphology of LP and BAI-LP was observed by TEM. A droplet of LP or BAI-LP was placed on a copper grid with carbon film for 10 minutes, followed by removal of the excess fluid with filter paper and then dried for 1 h at room temperature before examination on TEM.
Determination of Entrapment Efficiency and Drug Loading.
The BAI was dissolved in a mixed solvent of ultrapure water and methanol (1 : 2, V/V) to obtain a concentration of 100 g/mL, and then the mixture was successively diluted to 50 g/mL, 25 g/mL, 12.5 g/mL, 6.25 g/mL, and 3.125 g/mL for standard curve. BAI detection was performed Journal of Nanomaterials using an UV-visible spectrophotometer at a wavelength of 275 nm. Separation of unentrapped drug from the liposomes was carried out by ultracentrifugation method. Appropriate amount of BAI-LP was placed in polycarbonate centrifuge tubes and centrifuged at 50,000 ×g for 40 minutes at 4 ∘ C. Subsequently, 1 mL of free BAI solution was transferred into a new centrifugal tube, and then 2 mL of methanol was added into this tube. The BAI detection was performed as described above. Its concentration was calculated according to the linear regression equation. EE and drug loading (DL) were calculated by using the following [17] :
where total is the analyzed weight of the drug in the dispersions and free is the analyzed weight of free drug in the supernatant and lipids is the total weight of the lipid content.
Drug Release In Vitro Study.
The dialysis method was used to detect the in vitro release of BAI from liposomes. Briefly, 2 mL of free BAI and BAI-LP was added into the dialysis bags (molecular weight cutoff 3500), respectively. The dialysis bags were incubated in 40 mL PBS (pH 7.4) using a rotational speed of 100 rpm at 37 ∘ C. At predetermined time intervals, 2 mL of incubation medium was removed and the same volume of PBS (pH 7.4) was added. In the end, BAI detection was performed using an UV-visible spectrophotometer at a wavelength of 275 nm. withdrawn at 2 weeks and 4 weeks, respectively, and characterized by the changes in average size, PDI, zeta potential, and EE [18] .
Anti-Tumor Effects Assay
In Vitro. In vitro, antitumor effects of LP, free BAI, and BAI-LP were evaluated by SRB colorimetric assay [19] . Briefly, HeLa cells were plated in 96-well plates at a density of 10,000 cells/well and cultured for 24 h. Then, the cells were treated with 50 L PBS, 50 L LP, 50 L free BAI (100 g/mL), and 50 L BAI-LP (100 g/mL) for 12 h, 24 h, 36 h, and 48 h, respectively. Afterward, the cells were fixed with cold trichloroacetic acid and dried at room temperature. The cells were then stained with 0.4% SRB for 30 min and 1% acetic acid was used to wash the excess dye. 10 mM Tris base solution was used to dissolve the bound dye and then the absorbance was determined using a Thermo scientific multiskan FC microplate photometer at the wavelength of 540 nm ( = 6). 
Determination of Tumor Inhibition
Groups and Treatment Scheme of Experimental Animals.
The successfully vaccinated mice were divided into 4 groups, 8 for each group, and were named as follows: negative control group-intravenous administration of LP, 0.3 mL; Positive control group-intragastric administration of 80 mg/kg BAI, 0.2 mL (our previous studies showed that this dose of BAI which was used for intragastric administration had obvious inhibitory effect on tumor growth); free BAI groupintravenous administration of 1 mg/kg free BAI, 0.3 mL; BAI-LP group-intravenous administration of 1 mg/kg BAI-LP, 0.3 mL; the mice were given the above-mentioned agents for 15 days.
Tumor Inhibition Rate.
On the 16th day, the mice were sacrificed. Afterward, the tumor tissues taken from the mice were weighed to detect inhibition rates. Inhibitory rates were calculated according to the following: Inhibition rate = (negative group tumor mass − experimental group tumor mass) negative group tumor mass × 100%.
2.9. Statistics. Data analyses were performed using Graphpad Prism 5 software and the results were shown as mean ± standard deviation. One-way ANOVA was used to evaluate the differences between groups, and < 0.05 was considered as statistically significant.
Results and Discussion
Physical and Chemical Properties of LP and BAI-LP.
LP and BAI-LP prepared by the thin film hydration method were found to be a mildly translucent liposomal suspension. We first explored the optimal conditions for preparation of LP and BAI-LP in terms of components of BAI, cholesterol, and SPC; we found that the appropriate ratio of cholesterol to SPC (w/w) was 1 : 4 and that the optimal ratio of drug to SPC (w/w) was 1 : 8. Likewise, the optimal temperature for film-forming and hydration was 40 ∘ C and 60 ∘ C, respectively. Based on the above conditions, we successfully prepared LP, Pan-blue light suspension, and BAI-LP, yellowish suspension. Figure 1 showed that the liposome nanoparticles were clearly separated from each other. The shape of the LP and BAI-LP was spherical with smooth surface. Furthermore, the obvious lipid bilayer of the LP and BAI-LP can be seen clearly. However, there were obvious changes between LP and BAI-LP in the morphology. Figure 1(a) showed that the inside of LP is blank. Figure 1(b) showed the inner black dots and the outer darker ring in BAI-LP corresponding to BAI and the phospholipids' vesicles, respectively [20] .
The Morphology of LP and BAI-LP. The images in
The Size, PDI, and Zeta Potential of LP and BAI-LP.
The results of DLS analysis were presented in Figure 2 method [14] . The PDI was determined to examine the level of uniformity of particle size. Hence, the above results indicate that the particle size of LP and BAI-LP was uniform, which may prevent the agglomerations. Zeta potential measurements showed that the surface charges of LP and BAI-LP were −18.23±0.25 mV and −30.73± 0.41 mV ( = 3), respectively. A large zeta potential could prevent the agglomerations between liposome particles and thus maintained their nanoscaled morphology.
Drug Entrapment Efficiency and Drug Loading of BAI-LP.
Known quantities of BAI were added into ultrapure water and methanol mixed solvent (1 : 2, V/V), and then the resultant samples were analyzed by UV-visible spectrophotometer. The absorption measurement showed that BAI concentration was linear over the range of 3.125-50 g/mL with a regression equation:
= 69.4069 + 0.5699. The correlation coefficient was 0.9827. The UV-visible absorption spectra of BAI solution are shown in Figure 3 .
Journal of Nanomaterials The concentration of free BAI was calculated according to the linear regression equation. The final entrapment efficiency of BAI-LP was 44.3 ± 2.98%, which was similar to previous report [14] . Compared with published data on liposomal drug delivery systems of herbal extracts or compounds from herbal origin, the entrapment efficiency was satisfactory. The drug loading of BAI-LP was 4.41±0.02%.
Drug Release In Vitro Study.
The release behaviors of BAI from the liposomes in vitro were shown in Figure 4 . The release profiles of BAI-LP contained two stages including an initial stage of relatively large burst effect and a slower release stage. As shown in Figure 4 , the free BAI exhibited the fastest release rate and more than 92% BAI was released within 48 h. However, the release rate of BAI-LP was 65% within 48 h which was less than that of free BAI. Thus a drug depot effect could be achieved by the liposomes. The BAI-LP showed a more stable state and slow drug release in 48 h.
Stability of Liposomes.
Stability of LP and BAI-LP was important from the nanomedicine point of view. The agglomerations between liposome particles and the leakage of the encapsulated drug may occur, when liposomes were kept for a long time. In this study, no remarkable agglomerations or leakage for BAI-LP was observed in the storage condition at 4 ∘ C after 2 and 4 weeks. No obvious changes in average size, PDI, zeta potential, and EE for LP and BAI-LP were observed. In particular, the average size of LP was about 170 nm after 2 and 4 weeks. Similarly, the average size of BAI-LP was about 190 nm and 96% of drug was entrapped ( Figure 5 ).
Antitumor Effects Assay In Vitro.
The antitumor effects of LP, free BAI, and BAI-LP in vitro were investigated. SRB assay revealed the time-dependent antitumor effects of LP, free BAI, and BAI-LP. As shown in Figure 6 , the HeLa cells treated with LP exhibited 1.02±3.43%, −0.02±1.85%, −3.27± 3.48%, and −0.08 ± 2.37% cell inhibitory rates at 12 h, 24 h, 36 h, and 48 h, respectively. Hence, the LP had no effect on the growth of cancer cells. The HeLa cells treated with free BAI (66 g⋅mL −1 ) exhibited 9.52 ± 4.46%, 25.24 ± 7.24%, 45.38 ± 1.71%, and 50.90 ± 1.17% cell inhibitory rates at 12 h, 24 h, 36 h, and 48 h, respectively. The HeLa cells treated with BAI-LP (66 g⋅mL −1 ) exhibited 6.15 ± 5.34%, 32.61 ± 3.71%, 51.19 ± 4.85%, and 52.77 ± 2.19% cell inhibitory rates at 12 h, 24 h, 36 h, and 48 h, respectively. Notably, compared to the free BAI, BAI-LP enhanced tumoricidal effect at 24 h, 36 h, and 48 h. The anticancer effect of BAI was improved by entrapping BAI into liposomes. However, the inhibitory rates of BAI-LP were lower than free BAI at 12 h. This may be due to the action of liposome, which has the slow-released drug effect. As shown in Figure 7 , more dead cells were observed in the treatments of free BAI and BAI-LP, which conformed that BAI can inhibit the tumor cells growing. The antitumor effect of BAI-LP was most remarkable. The high inhibition rates of BAI-LP are probably due to the reason that the lipid bilayers of liposomes can improve drug permissive into the cell membrane and eventually enhance the penetration of drugs.
Tumor Inhibition Rate.
On the third day after inoculation of U14 cervical cancer cells, tumors grew well at mice armpits, indicating that the vaccination was successful and the success rate was 100%. Figure 8 showed the photographs of the representative tumor tissues isolated from tumor-bearing mice after 15-day treatments. The tumors inhibition rate of each mouse group was calculated according to (2) . The results are shown in Figure 9 and Table 1 . The BAI-LP group had the similar inhibitory effect on tumor growth with the positive control group. Obviously, BAI-LP improved the inhibition rate compared with free BAI group ( < 0.01). This may be related to the fact that BAI-LP showed a more stable state and slow drug release. Hence, BAI-LP could release drug slower than free BAI to achieve a better therapeutic effect. Moreover, liposomes not only improve the solubility of BAI but also enhance the absorption due to the similarities between the bilayer of liposomes and biological membranes. Furthermore, the pores in tumor endothelium were larger than 100 nm, while the spaces in endothelial junctions of normal vessels were 5 nm to 10 nm in size. Hence, the BAI-LP with 194.6 ± 2.08 nm could reduce rapid clearance and prolong time of blood cycle to reach tumor tissues.
Conclusion
As is demonstrated above, the thin film hydration was a useful method to prepare highly dispersed nanoscaled BAI-loaded nanoliposomes, which had a smaller particle size of distinct spherical vesicles with narrow distribution and a similar EE of BAI compared with diethyl ether injection method in previous studies. The uniform particle size and the large zeta potential of LP and BAI-LP prevent the agglomerations between liposome particles and stabilize for at least 4 weeks. The tumor inhibition rate of BAI-LP was much higher than BAI's in vitro and in vivo. Hence, the study suggests that BAI-LP may serve as a promising approach for cancer therapy.
